The development of fertilizing ability in sperm cells is associated with changes in the plasma membrane. However, to date the exact nature of sequentially activated primary receptors and channels and the signal transduction pathways derived from these remains elusive. We analyzed the expression and localization of the m-opioid receptor in equine spermatozoa. A transcript corresponding to the third extracellular loop that selectively binds m agonists was amplified, sequenced and compared with the known sequences in humans, rats and cattle. The amplification product showed a high degree of nucleotide conservation. By immunofluorescence, m-opioid receptor labeling was found on the sperm head and on the tail and disappeared in the acrosomal region of acrosome-reacted sperm cells. Immunoblotting revealed two bands of 50 and 65 kDa. Effects of the opioid antagonist naloxone on motility and on viability and capacitation/acrosome reaction were investigated by computerassisted sperm analysis and Hoechst 33258/chlortetracycline (H258/CTC) staining. Progressive motility was significantly reduced after 3 h incubation in 10 23 M naloxone (P < 0.05), whereas it increased significantly after 5 h in 10 28 M naloxone (P < 0.05). Sperm velocity at 5 h was significantly reduced by the addition of 10 23 M naloxone (P < 0.05), but increased significantly in the presence of 10 28 M (P < 0.001). Curvilinear velocity and amplitude of lateral head displacement in spermatozoa incubated in the presence of naloxone were not indicative of hyperactivation. H258/CTC staining showed that 10 28 M naloxone significantly stimulated capacitation (P < 0.01) after 3 h. However, it had no effect on sperm cell viability and acrosomal status. Overall, this study provides the first evidence that the m-opioid receptor is expressed in equine spermatozoa and that naloxone significantly affects motility and capacitation.
Introduction
The production of a fully differentiated and functionally competent sperm cell is the result of a series of coordinated events that begin in the male and culminate in the female genital tract (Hunter 1997 , Roser 2001 , Yanagimachi 1994 . After ejaculation, sperm cells are not immediately capable of fertilizing oocytes. Rather, they must undergo a period of preparation with morphological and functional modifications leading to acrosomal reaction. These modifications of the sperm surface are consequent to intimate endosalpingeal -sperm head interactions, due to the local influence of ovarian endocrine programming in specific regions of the fallopian tube epithelium (Roser 2001 , Yanagimachi 2002 . Despite investigations on processes occurring at the sperm plasma membrane (Flesch and Gadella 2000) and their derived signal transduction reactions, carried out in recent years (Flesch and Gadella 2000, Baldi et al. 2002) , the exact nature of the primary receptors and channels sequentially activated on the sperm plasma membrane remains elusive (Bray et al. 2002) . Although a number of intracellular messenger systems were implicated in the complex biochemistry of capacitation and acrosome reaction, it appears that gating of Ca 2þ channels and consequent Ca 2þ influx play a central role in the cascade of events leading to sperm activation and oocyte fertilization (Ren et al. 2001 , Jagannathan et al. 2002 .
Recent studies demonstrated that endogenous opioid peptides (EOPs) can influence Ca 2þ turnover and, by acting on voltage-gated Ca 2þ channels, create Ca 2þ oscillations within the cell and thus modify downstream Ca 2þ -dependent cellular activity (Bourinet et al. 1996) . Like all other G-protein-coupled systems, opioid receptors exhibit homologous and heterologous desensitization (review by Minami and Satoh 1995) , and therefore their excessive stimulation induces a loss of neuromodulative opioid activity. In the male reproductive tract, opioid receptors have only been reported to date in rat Sertoli cells (Fabbri et al. 1985) . Opioid receptors are target molecules for analgesia, reward and many physiological functions of opiates. In particular, the m-receptor is the primary site of action of several EOPs, including b-endorphin (Zadina et al. 1997) and for most of the therapeutic effects and side effects of morphine. This receptor has been reported to modulate somatic Ca 2þ channel currents in mouse peri-aqueductal gray neurons (Connor et al. 1999) . Naloxone (Nx) is an opioid receptor antagonist (Reisine and Pasternak 1996) that has been shown to have opposite effects depending on its concentration, suggesting that it may function as a partial agonist at high concentrations (Feigenbaum and Howard 1997) . It has also been shown to revert the opioid agonistdependent modulatory action of the m-opioid receptor on ion channels and second-messenger effectors (Spivak et al. 1997) .
Recent studies from our unit demonstrated that both b-endorphin and Nx modify intracellular calcium concentration ([Ca 2þ ] i ) and confirmed the concentration-dependent dual effect of Nx in a renal epithelial cell line (Di Sole et al. 2001) . We demonstrated that the m-opioid receptor mRNA is expressed in the bovine cumulusoocyte complex and that the m-opioid receptor, by inducing an increase in [Ca 2þ ] i , participates in the cumulus-oocyte-coupled signaling associated with oocyte maturation (Dell'Aquila et al. 2002) . The present study focuses the possible role of EOP on equine sperm cell function. Capacitation and acrosome reaction mechanisms have been studied in recent years in stallion spermatozoa (for reviews see Christensen et al. 1996 , Odeh et al. 2003 . Varner et al. (1987) reported the induction of acrosome reaction in equine spermatozoa by the calcium ionophore A23187 and its morphological characterization. Subsequent studies reported the effectiveness of heparin (Christensen et al. 1996) , progesterone (Cheng et al. 1998 , Rathi et al. 2003 and platelet-activating factor (Odeh et al. 2003) on capacitation and the acrosome reaction in vitro.
The aim of the present study was to analyze the expression of the m-opioid receptor on equine sperm cells by molecular, biochemical and cytological investigations and therefore to take an indirect approach to studying the effects of EOPs on the crucial events of sperm physiology.
Materials and Methods

Media and reagents
Tyrode medium, with the composition described by Rathi et al. (2001) , was used for incubating sperm in control conditions. Antibodies were purchased from Chemicon International (Temecula, CA, USA), Sigma Chemical Co. and Molecular Probes (Leiden, The Netherlands). Oligonucleotide primers were purchased from MWG Biotech (Florence, Italy). Naloxone hydrochloride, A23187, Hoechst 33258 (H258), chlortetracycline (CTC), polyvinylpyrrolidone and all chemicals were purchased from Sigma-Aldrich (Milano, Italy).
Semen sampling and processing
Semen for the receptor-detection procedure and for motility analysis was collected from stallions located at the Institute for Artificial Insemination at Cadriano (Bologna, Italy). Frozen semen from four stallions was used for reverse transcription (RT)-PCR, Western blot and immunofluorescence detection and fresh semen from three stallions (three ejaculates each) was used for motility analysis. Fresh sperm cells of three ejaculates of a stallion located at the Equine Breeding Center, Masseria San Vincenzo, Monopoli (Bari, Italy) were used for the viability and capacitation/acrosome reaction analyses. For receptor detection, frozen semen (0.5 ml/straw), at a concentration of 1 £ 10 8 sperm cells ml
21
, was rapidly thawed (30 s) in a water bath at 37 8C. After thawing, total motility was 60% as visualized by bright-field microscopy. Before RNA extraction, Western blot or immunofluorescence, sperm cells were allowed to swim up in Tyrode medium in order to recover motile cells without any contaminant leukocytes or other debris, and visually examined, as described previously (Miller et al. 1999 , Ostermeier et al. 2002 . Collection of fresh semen was carried out according to ethical guidelines. Semen for motility analysis was collected from stallions (4-10 years old) of proven fertility once a week for 3 weeks (three ejaculates per stallion, total of nine evaluations); semen was collected using an artificial vagina, filtered to remove gel and immediately processed for use. Volume of gel-free fraction, concentration (Densimeter Mod.501; ARS, Chino, CA, USA) and total motility under phase-contrast microscope were recorded for each sample. For motility analysis, semen was processed as reported by Rathi et al. (2001) . 2 ml semen was mixed with 6 ml Tyrode medium and centrifuged in a 15 ml tube at 900 g for 10 min to allow removal of seminal plasma. After removal of the supernatant, the pellet was resuspended with Tyrode medium, Tyrode medium with 10 23 M Nx or Tyrode medium with 10 28 M Nx to reach a final sperm concentration of 25 £ 10 6 total sperm ml
. Collection and processing of semen for capacitation/acrosome reaction analysis was performed with the procedure described above. Ejaculates, collected on three different days, were processed separately.
RNA extraction and RT-PCR
RNA was extracted and reverse transcribed by using the Express Directe Kit (Pierce, Rockford, IL, USA). For each reaction, 10 £ 10 6 equine sperm cells were used. Cells were lysed in a two-step procedure that disrupts only the plasma membrane and releases mRNA without contaminating genomic DNA. Released mRNAs were captured directly from the cell lysate by hybridization to oligo(dT) covalently linked to the wells of a 0.2 ml PCR tube. Firststrand cDNA was synthesized following the manufacturer's instructions. 50 pmol of each specific primer (forward, 5 0 -GGTACTGGGAAAACCTGCTG-3 0 ; reverse, 5 0 -GGTCT-CTGGTGTTCTGACGA-3 0 ) designed based on the bovine m-opioid receptor sequence (accession number U89677) were used in the 35-cycle PCR profile consisting of denaturation at 94 8C for 30 s, annealing at 56 8C for 30 s and extension at 72 8C for 1 min. The amplified product was analyzed on a 1.5% (w/v) agarose gel, eluted (QIAquick; Qiagen, Hilden, Germany) and sequenced at the Bio Molecular Research Institute, University of Padova, Padova, Italy, with ABI Prism systems (PE Applied Biosystems, Foster City, CA, USA). The obtained m-receptor sequence was aligned by the ClustalW program (www.ebi.ac.uk/clustalw) with the known cDNA sequences from human, bovine and rat, obtained from GenBank. The RT-PCR analysis was repeated with semen from four stallions.
Immunofluorescence
At least 5 ml of sample semen were smeared on to a slide coated with poly-L-lysine. Duplicate slides were prepared, fixed in 4% (w/v) paraformaldehyde and incubated for 30 min in PBS/1% (w/v) BSA. A 1:2500 dilution of primary rabbit polyclonal antibody against the third extracellular loop of the mouse m-opioid receptor (anti-MOR; Chemicon) was applied to test slides and left to react overnight at room temperature in a humidified chamber. Negative controls were not exposed to the primary antibody and were incubated in PBS/1% (w/v) BSA in the same conditions as the test slides. All slides were incubated for 2 h at room temperature with an anti-rabbit fluorescein isothiocyanate (FITC)-conjugated IgG secondary antibody (Chemicon) diluted 1:200 in Evans Blue in PBS. Evans Blue was used as a counterstain on all samples. Slides were washed three times in PBS, assembled with mounting medium (20 mM Tris, pH 8/0.5% (w/v) n-propylgallate/50% (v/v) glycerol), and observed under a Nikon Eclipse TE 2000 inverted microscope equipped with a confocal laser-scanning microscope (C1; Nikon). Imaging was performed using a 488 nm argon ion laser and a 543 nm helium/neon laser. A subsequent experiment was carried out to investigate whether the m-opioid receptor is expressed on the sperm cell after the acrosome reaction. Capacitation and the acrosome reaction were induced by incubation in Tyrode/BSA medium supplemented with 1 mM A23187, as described below (see the section on combined H258/CTC staining). The acrosomal status was evaluated by the FITC-conjugated Pisum sativum agglutinin (FITC-PSA). The expression of the m-opioid receptor was investigated with the procedure described above except that an anti-rabbit tetramethylrhodamine isothiocyanate (TRITC)-conjugated IgG secondary antibody (Molecular Probes) diluted 1:250 in PBS was used. Samples were observed under Nikon Eclipse TE 2000 inverted microscope equipped with a Nikon C1 confocal laserscanning microscope. Imaging was performed using a 488 nm argon ion laser and a 543 nm helium/neon laser to simultaneously excite TRITC and FITC fluorochrome.
Membrane preparation, N-deglycosylation and immunoblotting
The enriched plasma membrane fraction of equine spermatozoa was prepared by suspending sperm cells in ice-cold homogenizing buffer (0.25 M sucrose/10 mM TrisHCl, pH 7.5) with protease inhibitors (1 mM PMSF, 1 mg ml 21 leupeptin and 1 mg ml 21 pepstatin) as described previously (Calamita et al. 2001) . For the immunoblotting experiments, samples were denatured for 4 min at 90 8C and run on a 13% (w/v) polyacrylamide gel (60 mg/well). Separated proteins were electrotransferred on to Immobilon-P membranes (Millipore, Bedford, MA, USA). After transfer, the membrane was blocked with Blotto (20 mM Tris-HCl, pH 7.5/0.15 M NaCl/1% (v/v) Triton-X100) containing 5% (w/v) non-fat dry milk (blocking buffer) for 1 h and then incubated with rabbit polyclonal anti-MOR antibody (Chemicon) diluted 1:5000 in blocking buffer. After washing (4 £ 15 min) in blocking buffer, the membrane was incubated for 1 h with peroxidase-conjugated goat anti-rabbit IgG antibody (Sigma). After washing (2 £ 10 min) in blocking buffer and in Blotto (3 £ 10 min), blots were revealed for peroxidase activity by enhanced chemiluminescence (ECL Plus kit; Amersham) as described by Calamita et al. (2001) . For N-glycosidase F (PNGase F) digestion, 60 mg of the enriched membrane fraction were incubated overnight at room temperature in the presence of 2 U PNGase F (Boehringer Mannheim, Mannheim, Germany). The enzymatic reaction was stopped by adding one volume of 2 £ Laemmli buffer and boiling the resulting mixture at 90 8C for 4 min. Samples were then analyzed by immunoblotting as described above. Immunoblotting experiments to check the enzymatic activity of PNGase F were performed by using affinity-purified antibodies to rat aquaporin-1 (AQP1; Alpha Diagnostic International, San Antonio, TX, USA), as reported by Smith and Agre (1991) .
Motility analysis
In order to examine the motility parameters of spermatozoa incubated in the presence of Nx, samples from each treatment (control, 10 23 M Nx, 10 28 M Nx) and time point (0, 3 and 5 h) were analyzed using a Hamilton Thorne Research Motility Analyzer (HTM model 7.5; Hamilton Thorne, Beverly, MA, USA). The Hamilton m-Opioid receptor in equine spermatozoa 41
Thorne CASA system was programmed as reported previously by Rathi et al. (2001) : frames acquired, 20; frame rate, 25/s; minimum contrast, 8; minimum size, 6; low-/high-size gates, 0.5 -1.8; low-/high-intensity gates, 0.5-1.8; non-motile head size, 13; non-motile intensity, 25; medium path velocity (VAP) value, 25; low VAP value, 9; slow cells motile, no; threshold straightness (STR), 80. A 2X-CEL dual-sided analysis chamber (depth, 20 mm) and 2X-CEL cover glass for use with a 20 mm chamber (Hamilton Thorne Research) was used for analysis. A total of 181 motile sperm cells were analyzed. Total motility, progressive motility, velocity, curvilinear velocity (VCL) and amplitude of lateral head displacement (ALH) were examined.
Combined H258/CTC staining
Samples containing 25 £ 10 6 cells ml 21 were divided further into four portions, one of which was supplemented with A23187 to a final concentration of 1 mM and two of which were supplemented with Nx to final concentrations of 10 23 and 10 28 M; the fourth portion, with no further additive, was used as a control. All portions were incubated at 37 8C under 5% CO 2 . Aliquots (200 ml) of each sample were examined, at 0, 3 and 5 h after incubation, to evaluate viability and state of capacitation/acrosome reaction assessed by H258/CTC staining as described by Neild et al. (2003) . Briefly, a stock solution of H258 was made by dissolving 10 mg in 100 ml distilled water. It was wrapped in foil and kept at 4 8C. For use, 1 ml of the stock solution was diluted with 10 ml protein-free medium and kept at 4 8C. The fixative was made by mixing 1:1 (v/v) 25% glutaraldehyde and 1 M Tris, pH 7.4. The CTC solution was made of 0.75 mM CTC and 5 mM L-cysteine in chilled CTC buffer containing 20 mM Tris and 130 mM NaCl, pH 7.8. A 198 ml aliquot of spermatozoal suspension was removed from each treatment and incubated for 2 min with 2 ml H258 solution. Excess dye was removed by layering the mixture over 500 ml of 2% (w/v) polyvinylpyrrolidone in PBS and centrifuging at 900 g for 5 min. The supernatant was discarded and the pellet resuspended in 45 ml Tyrode solution. A 45 ml volume of the CTC solution and 8 ml fixative were added to each of the samples and mixed. A 4 ml droplet of the fixed and stained sample of spermatozoa was placed on a microscope slide with a droplet of antifade, a coverslip was applied and sealed on to the slide using nail varnish. Samples were observed with a Nikon E600 microscope under epifluorescence illumination using 346-460 nm (UV-2A) and 450-630 nm (B-3A) excitation/emission filters for H258 and CTC, respectively. Spermatozoa were classified as: dead (D) when nuclei showed bright blue fluorescence over the sperm head (cells recorded as dead were not assessed for their CTC-staining pattern); live non-capacitated (L/NC) when bright green fluorescence was distributed uniformly over the entire sperm head, with or without a stronger fluorescent line at the equatorial segment; live capacitated (L/C) when they showed green fluorescence over the acrosomal region and a dark post-acrosome; or live acrosome reacted (L/AR) when sperm showed a mottled green fluorescence over the head, green fluorescence only in the post-acrosomal region or no fluorescence on the head. At least 200 spermatozoa were scored per slide.
Statistical analysis
Data concerning the viability and capacitation/acrosome reaction were analyzed by the following linear model (SAS 1988) :
where y ijk is the dependent variable (for each time; percentage of AR, C, NC and D over the total counted cells); T i is the fixed effect of the i th time (two levels, 3 and 5 h from the beginning of the incubation); TR j is the fixed effect of the j th treatment (four levels, control, ionophore, 10 23 M Nx and 10 28 M Nx); e ijk is the residual error; and m is the overall mean. Student's t test (Statistics for Windows, Stat Soft Inc., Tulsa, Oaklahoma, USA) was used to compare the motility of sperm cells incubated in control conditions with that of Nx-treated samples. Differences were taken to be statistically significant when P , 0.05.
Results
Detection of the m-opioid receptor
We first demonstrated the presence of the m-opioid transcript in equine spermatozoa by using an RT-PCR approach. Since the genomic structure and sequence of the equine gene coding for the m-opioid receptor are still unknown, primers were designed on the most conserved region within the third exon of the human, rat and bovine m-opioid receptor genes. RT-PCR led to the amplification of a 441 bp fragment of DNA encoding a region encompassing the third extracellular loop of the human brain m-opioid receptor chain that selectively binds m agonists . The expected 441 bp amplification product for the m-opioid receptor gene was detected (Fig. 1 , lane 2) after 1.5% (w/v) agarose-gel electrophoretic separation. For each RT-PCR reaction, a negative control, omitting reverse transcriptase, was performed (Fig. 1, lane 1) . Moreover, genomic DNA from equine sperm cells was added to the PCR tube containing the covalently attached oligo(dT) and PCR was performed as above. No product was obtained, thus demonstrating that the oligo(dT) did not retain any contaminant DNA (results not shown).
The RT-PCR product was subjected to automated DNA sequencing to confirm its homology to the known m sequences. Fig. 2 shows the obtained equine sequence of the amplified tract of the m-opioid receptor gene. The partial equine m-opioid receptor cDNA sequence has been deposited in GenBank under accession number AJ519535. Comparison with conventional cDNA sequences from human, bovine and rat revealed nucleotide identities of 92, 99 and 86%, respectively, thus confirming the high degree of nucleotide conservation of the examined region.
Immunofluorescence
The presence of mRNA for the m-opioid receptor in stallion sperm cells prompted us to evaluate whether mature spermatozoa contain the corresponding protein product. Hence, we used indirect immunofluorescence to define the subcellular localization of the sperm m-opioid receptor in the equine sperm cell by using a rabbit polyclonal antibody prepared against the third extracellular loop of the mouse m-opioid receptor. As seen in Fig. 3A , positive immunostaining was observed over the acrosomal region of the sperm head and on the tail. Specificity of the immunolabeling was indicated by the lack of immunoreactivity in sperm cells where the primary antibody was omitted (Fig. 3B) . A FITC-PSA and an anti-rabbit TRITC-conjugated IgG secondary antibody were used to elucidate the expression of the m-opioid receptor in AR sperm cells. FITC-PSA is known to stain glycoproteins in the acrosome of permeabilized spermatozoa. Selective staining of the whole acrosome is indicative of unreacted cells, while no staining at all or staining limited to the equatorial segment is characteristic of AR cells. As can be seen, AR sperm cells, not showing FITC-PSA staining on the head (Fig.  3C) , are also negative for the m-opioid receptor (Fig. 3D) , thus confirming the localization of the receptor on the plasma membrane in the acrosomal region.
Immunoblotting
Immunoblotting analysis of an equine sperm fraction enriched in plasma membranes was carried out by using the above mouse anti-MOR polyclonal antibodies. This led to the detection of two bands with molecular masses of about 50 and 65 kDa (Fig. 4A) . The detected polypeptides were not N-glycosylated as their sizes were not down-shifted after PNGase F treatment (Fig. 4A) . No immunoreactivity was noted with the antiserum depleted of its anti-MOR antibodies by preadsorption with a molar excess of the immunizing peptide (negative control, Fig.  4B ). The 50 kDa band was also observed in homogenates prepared from ovine lymphocytes (positive control, Fig.  4C ). Parallel immunoblotting experiments using rat AQP1, a membrane protein known to feature an N-linked glycosylation, proved the activity of the PNGase F (Fig. 4D) .
Motility analysis
Sperm motility was analyzed in three stallions, who provided three ejaculates each. Semen was incubated in Tyrode, Tyrode þ 10 23 M Nx and Tyrode þ 10 28 M Nx. Resulting data, expressed as means^SD, are reported in Table 1 . Total motility at 0 h was approximately 56% and decreased to 50% after 3 h incubation, without any significant differences in the three different treatments. Progressive motility was significantly reduced by the addition of 10 23 M Nx after 3 h incubation (P , 0.05), whereas it was significantly increased by the addition of 10 28 M Nx after 5 h (P , 0.05); sperm velocity was also significantly affected by the addition of Nx, with a reduction observed at 10 23 M (P , 0.05) and an increase observed at 10 28 M Nx (P , 0.001) after 5 h. VCL was significantly reduced by the addition of 10 23 M Nx (P , 0.01) and significantly increased by the addition of 10 28 M Nx after 5 h. Amplitude of lateral head displacement was significantly reduced (P , 0.05) by the addition of 10 23 M Nx after 5 h.
Viability and capacitation/acrosomal status assay
Dead cells stained positive for H258 were easily distinguished from the live staining pattern (Fig. 5A) . The three live CTC-staining patterns could be clearly distinguished and were categorized as L/NC, L/C and L/AR (Fig. 5B , C and D). At time 0, there was 79^11% live spermatozoa (mean^SD from the three samples). By incubating control, ionophore-and Nx-treated samples over 3-and 5-h periods, the H258/CTC patterns were found as shown in Fig. 6 . The dual-staining method showed that Nx, at the concentration of 10 28 M, significantly stimulated capacitation (P , 0.01) after a 3-h incubation. Nx had no statistically significant effects on sperm cell viability and acrosomal status, at either 10 23 or 10 28 M and after both incubation times examined. In sperm samples incubated in the presence of A23187, the percentage of NC cells tended to decrease, compared with the control. However, this reduction did not correspond to an increase in the percentages of C or AR sperm cells. The exposure to A23187 induced an increase in the percentage of D sperm cells after 3 h incubation with respect to the control, but this did not attain statistical significance (P ¼ 0.09); this effect tended to be further evidenced after 5 h. 
Discussion
To our knowledge, the present study is the first to demonstrate the presence of the m-opioid receptor transcript and the expression and localization of the protein end product in sperm cells of a mammalian species. In agreement with previous studies on bovine female germ cells (Dell'Aquila et al. 2002) , the m-opioid receptor seems to be involved in the regulation of sperm cell function to some extent. In particular, the present study indicates that m-opioid receptors may play a role in the control of sperm motility and capacitation. The weak intensity of the m-opioid cDNA band amplified by RT-PCR from the stallion sperm total RNA may be related to the fact that mature sperm, being depleted of most cytoplasmic organelles, does not perform transcription and translation processes (Flesch and Gadella 2000) ; therefore, the population of mRNA detected in sperm cells could be explained as the remnants of untranslated and stored residual molecules from earlier stages in spermatogenesis that could have a role as selected messages in the early zygote (Miller et al. 1999 , Ostermeier et al. 2002 . No information is available to date on the gene sequence coding for the mopioid receptor in equine species. Sequence analysis of the amplified fragment revealed a high degree of conservation when compared with human, bovine and rat homologous nucleotide regions.
To our knowledge, this study provides the first biochemical characterization of m-opioid receptor protein in mammalian sperm cells and it is the first to describe a Western blot analysis of this protein in the equine species. m-Opioid receptors in the rat brain were shown to have molecular masses ranging from 60 to 75 kDa, and indicative of a glycoprotein nature that, upon deglycosylation, down-shifts to a sharp band of 39 kDa (for review see Chen et al. 1995) . The existence of a glycosylated form of the m-opioid receptor was predicted based on previous reports in the literature (in Chinese hamster ovary (CHO) cells and in human embryonic kidney (HEK)-293 cells (Chaturvedi et al. 2001) ) and on the presence of a typical N-glycosylation consensus sequence located at the N terminus (Chaturvedi et al. 2000) . The fact that in this study the 50 and 65 kDa bands immunodetected in the equine sperm plasma membranes were not shifted to a lower molecular mass after PNGase F treatment indicates that the horse m-opioid receptor polypeptide is not N-glycosylated. The possibility of O-linked glycosylation cannot be discarded. The molecular mass of the ram m-opioid receptor resulted in a 100 kDa band, a size even higher than that of the horse m-opioid receptor (M Albrizio, unpublished observations). Further studies aimed at cloning and investigating the entire sequence of the equine m-opioid receptor cDNA will certainly provide an explanation for the molecular mass characterizing the horse m-opioid receptor as compared with other mammalian homologues.
Functional investigations concerned the effects of Nx on sperm cell motility and capacitation/acrosome reaction. The use of Nx was due to the well-documented high affinity of this molecule for the receptor (Minami and Satoh 1995, Reisine and Pasternak 1996) . Nx was used at low (10 28 M) and high (10 23 M) doses since, in previous studies carried out on renal epithelial cells and on cumulus-oocyte complexes, we observed that Nx at low concentrations (, 10 26 M) behaves as an antagonist of EOP action, whereas at high concentrations (. 10 26 M) it seems to possess partial agonist effects at the opioid receptor (Di Sole et al. 2001 , Dell'Aquila et al. 2002 .
Nx at low doses (10 28 M) showed a positive effect on progressive motility, velocity and VCL after 5 h incubation, suggesting that it could have a stimulatory effect on sperm cell motility, depending on intracellular Ca 2þ influx. Nx at high doses (10 23 M) was found to have a negative effect on all the motility parameters considered, excluding total motility, thus suggesting an inhibitory role on specific aspects of motility patterns. These data provide further support for the pharmacodynamic concept of the doserelated relative antagonist and agonist actions of Nx and are in agreement with the clinical evidence of the beneficial effects of low-dose Nx (Sciorsci et al. 2000) . The CASA system for the evaluation of semen samples has been used in different species (for review see Verstegen One of the goals of this study was to evaluate the effects of Nx on the induction of capacitation and the acrosome reaction, in consideration of the low efficiency reported to date of capacitation in vitro in stallion spermatozoa (for review see Alm et al. 2001) . Our data showed that Nx at 10 28 M significantly stimulated capacitation (P , 0.01) after 3 h incubation, indicating that the m-opioid receptor participates in the signaling associated with the induction of capacitation and the acrosome reaction, probably via an increase in intracellular Ca 2þ . Nx had no effects on sperm cell acrosomal status. In all the experimental conditions examined high mortality was observed using the combined H258/CTC staining. Nx was also not effective on sperm cell viability. Incubation with A23187 for 3 h tended to decrease the percentage of NC cells compared with the control. This was in line with data reported in previous studies with fresh stallion semen (Varner et al. 1987 , Christensen et al. 1996 , Pommer et al. 2002 , Rathi et al. 2003 . However, the decrease in NC cells observed in our study was not related to an increase in cells showing the C or the AR pattern but to an increase in the percentage of D cells, although not statistically significant. Previous studies reported a positive effect of A23187 on the occurrence of acrosome reactions in stallion spermatozoa but different experimental conditions (A23187 concentration or incubation medium) or different evaluation systems were used (Varner et al. 1987 , Christensen et al. 1996 , Pommer et al. 2002 , Rathi et al. 2003 . Previous investigations using A23187 as a method of stallion sperm capacitation for in vitro fertilization supported its positive effect on the occurrence of capacitation and acrosome reaction. All the same, the concentrations of A23187 used for capacitation were different in the various reports (for review see Alm et al. 2001 ) and in our study. Data obtained in these experiments demonstrated that Nx at 10 28 M acted as an inducer of capacitation, maintaining comparable levels of sperm cell viability to those observed in control conditions.
In conclusion, the results obtained in this study demonstrate (1) the expression of the m-opioid receptor gene and the corresponding protein product in equine spermatozoa, (2) a confirmation of the high degree of conservation of the examined region of the m-receptor cDNA, as revealed by comparing the equine nucleotide sequence with those of human, bovine and rat samples, (3) a biochemical characterization of the m-opioid receptor that was found to be peculiar in this cell type and for the equine species and (4) a possible role exerted by EOP in modulating sperm cell activities, mediated by the m-opioid receptor with effects on motility and capacitation.
